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[571 ABSTRACT

The present invention relates to an assembly, especially an
assembly which provides precision guidance of a lighting
member.

12 Claims, 1 Drawing Sheet
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1
SLIDE ASSEMBLY

BACKGROUND OF THE INVENTION

The present invention relates to a slide assembly, espe-
cially an assembly which provides precision guidance of a
sliding member.

Highly accurate and low-friction guidance of sliding
elongate members is necessary in many different types of
machines or instruments, of which a three-dimensional
co-ordinate measuring machine can be considered to be a
representative example. Co-ordinate measuring requires
movement of a measuring element relative to a stationary
article, for example a sensor probe which contacts the
article, and recording the movement of the element in
relation to a reference point so as to build up a two-
dimensional or three-dimensional measurement profile of
the article. In a typical construction of such a measuring
machine, a probe is carried by a square-, oblong- or circular-
section spindle which is mounted in a carriage on a bridge
movable relative to a support table for the article. Movement
of the probe in the Z axis direction is by way of axial
displacement of the spindle in a bearing mount on the
carriage, movement in the Y axis direction is by way of
displacement of the carriage on the bridge and movement in
the X axis direction is by way of displacement of the bridge
over the table. The accuracy of the measurements obtained
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from signals generated through co-operation of the probe .

with the article is critically dependent on the accuracy of the
spindle displacement, in particular its travel along a pre-
cisely fixed axis. Any deviations from this axis will ulti-
mately be reflected in the measurement result.

In order to ensure precise and low-friction guidance of the
spindle in such a measuring machine, it is common practice
to construct the bearing mount for the spindle as an air
bearing sleeve encasing a portion of the spindle. The periph-
eral surface of the spindle and the guide passage of the
sleeve must be finished to a superaccurate standard of
parallelism and uniformity of section, which imposes sub-
stantial costs on manufacturing of the assembly. Problems
that can result from machining of the spindle surface and
sleeve passage are local fluctuations in diameter or widih
and also gradual change resulting in a taper. If there are any
such departures of the spindle and bore diameters or widths
from their nominal values the spindle displacement in the
sleeve may deviate from a fixed axis.

SUMMARY OF THE INVENTION

It is therefore the principal object of the invention to
provide a slide assembly in which highly accurate guidance
of an axially displaceable member may be achieved by more
economically producible measures. A further object of the
invention is to provide an assembly which includes an
adjustment facility allowing precise setting of the guidance
of the member.

Other objects and advantages of the invention will be
apparent from the following description.

According to the present invention there is provided a
slide assembly comprising an axially displaceable member,
and guidance means for guiding displacement of the mem-
ber and comprising at least one set of air bearings which are
co-operable with the peripheral surface of the member and
mutually aligned in a common transverse plane of the
member, wherein the bearings of the or each set are sub-
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stantially equidistantly spaced around the periphery of the
member and are each held by resilient mounting means.

Due to the substantially equidistantly spacing of the air
bearing of the or each set around the periphery of the
member and the disposition of the bearings to be symmetri-
cal about a transverse plane of the member, each being
arranged so that the bearing force it exerts, by way of a
compressed air film, on the surface of the member is
opposed by the force exerted by another bearing of that set
or the resultant force of two or more bearings of that set. Any
changes in the diameter or width of the member due to
production tolerances can be absorbed by equal deflection of
the resilient mounting means for all bearings of the set
without deviation of the displacement of the member from
a fixed axis. It is particularly convenient if the or each set
comprises two pairs of bearings, with the bearings of each
pair being disposed diametrically opposite to each other and
the pairs at right angles to each other. However, if so desired
and depending on the cross-sectional shape of the spindle, a
set can comprise just one pair of bearings or an uneven
number of bearings such as three or five.

The resilient mounting means can comprise, for example,
a spring element, an elastomeric element or a pneumatic
element.

It is of particular advantage if the assembly includes
adjusting means to adjust the bearings relative to the periph-
eral surface of the member. Thus, if the resilient mounting
means are arranged to press the bearings against the surface,
the adjusting means can be operable to vary the force exerted
on the bearings by the resilient mountings means. Such an
adjustment allows the forces to be matched in appropriate
manner around the circumference to the member and the
member to be aligned as desired.

The air pressures between the bearings and the member
can be conveniently matched if the assembly includes duct
means for supplying compressed air to the bearings from a
single feed. .

The bearings can be mounted by the resilient mounting
means on, for example, a frame enclosing the member,
which results in a compact arrangement able to be mounted
as a unit on, for example, a carriage of a co-ordinate
measuring machine. When the assembly is intended for use
in such a machine, the member, which can be cylindrical,
can be provided at one end with a measuring probe, a camera
or other device. The member can, if desired, also be mounted
to be rotatable.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present invention will now be
more particularly described with reference to the accompa-
nying drawings, in which:

FIG. 11is schematic sectional elevation, along the line I—I
in FIG. 2, of a slide assembly embodying the invention; and

FIG. 2 is an undemeath view of the assembly in the
direction of arrow II in FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to the drawings there is shown a slide
assembly 10 which, in this particular embodiment, is
intended to be mounted on a sliding carriage of a co-ordinate
measuring machine, the travel of the carriage representing
movement in one co-ordinate measurement direction. The
assembly 10 comprises an axially displaceable, and option-



5,522,604

3

ally also rotatable, hollow cylindrical spindle 11 which is
provided at its lower end with a sensor probe (not shown)
and coupled at its upper end to drive means (not shown) for
effecting axial displacement, and also rotation if appropriate,
of the spindle. The axial displacement of the spindle repre-
sents. movement in another co-ordinate measurement direc-

tion. The probe can be brought into alignment with selected -

points on the contour of an article to be measured and signals
that are produced whenever the probe is activated can be
evaluated to enable calculation of the dimensions of the
article. The actual operation. of the machine does not form
part of the invention and is not described in further detail.

Guidance of the axial displacement of the spindle 11 is
provided by two sets of air bearings-12 which are co-
operable with the circumferential surface of the spindle. The
two sets are spaced apart in the axial direction of the spindle
and the bearings of each set are disposed to be symmetrical
about a respective ‘transverse plane of the spindle. The
planes are designated A and B in FIG. 1.

The- bearings 12 of -each set are equidistantly - spaced
around the circumference of the spindle and-each set con-
sists of two pairs of bearings, the bearings of each pair being.
diametrically opposite to each other and the two paits being
at.right angles to each other. The bearing surface of each
bearing is complementary in shape to the adjacent portion of

the spindle surface and, as can be seen from FIG. 2, the total .
area of the bearing surfaces of the bearings of each set is

sufficient to provide support for about 300° or more of the
spindle: circumference. '

Each of the bearing 12 is pivotably connected by a
spherical joint to a respective resilient mounting element in
the form of a leaf spring 13, the connection being interme-
diate the ends of the spring. Each leaf spring 13 is mounted
at one of its ends by a mounting block on a square-section
frame 14 which encleses the spindle 11. Associated with
each leaf spring 13 is an adjusting screw- 15 which is
threadly engaged in the frame and bears on the end of the
spring remote from its mounting block. The arrangement of
the leaf springs 13 and adjusting screws 15.is such that the
bearings 12 are pressed against the surface of the spindle by
a force which is individually settable for the bearings by way
of the screws 15.
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Compressed air for operation of the bearings 12 is sup- -

plied by way of a pipe system 16 with a single inlet feed. The
pipe system includes branch ducts leading to all of the
bearing.

In use of the assembly, compressed air is supplied at a
pressure of, for example, 40-80 pounds per- square inch
through the pipe-system 16 to each of the air bearings 12,
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where it escapes-to provide a pressure air film between that -

bearing and the circumferential surface of the spindle 11.
The thickness of the air film will depend on the selected
tolerances -and may be, for example, in the region of 5
microns.-To accurately set the bearings so that the axial
displacement of the spindle follows a fixed axis, the adjust-
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ing screws 15 of one set of bearings are operated until the

spring force exerted on each. bearing gives the required

locating force, which is equal to the pneumatic force exerted

by the-bearing on the spindle surface, .and so that the
oppositely directed. forces exerted on the spindle by the
bearings of each pair are equal. A similar adjustment is then
performed with the adjusting screws 15 of the other set of

60

bearings. When these adjustments have been completed, the

displacement of the spindle will be constrained to follow a
fixed line represented by the spindle axis.. Any departures
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from the nominal diameter of the spindle, whether in the -
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form of annular conecavities or convexities or possibly a
taper, are absorbed by the resilient mounting of the bearings,
in particular threugh equal deflection of the leaf springs of -
each bearing set with respect to the spindle axis. Since the
bearings of each set move in unison when changes in the.
spindle diameter are encountered, the spindle displacement -
does not deviate from its set path.. The movements of the
bearings caused by leaf spring deflection are imperceptible
and the tolerances compensated for by the spring suspension
of the bearings may be little more than a few microns,
depending on the machining aceuracy of the spindle. The
pivotal mounting of the bearings on the leaf springs allows
self-alignment of the bearings to accommodate similar tol-
erances. -

~ The guidance system described above provides low-
friction precision guidance of the spindle and permits sub-
stantially more economic construction of the assembly than
would be the case if bearing support for the spindle was by .
way of an air bearing sleeve with a supperaccurately finished
bore. An assembly of this kind is particularly suitable for use
in 4 co-ordinate ‘measuring machine, but is equally appli-
cable to any apparatus or instrument in which highly accu-
rate ‘guidanee of a sliding-component such as rod or spindle
i§ required, whether the member is of circular, elliptical or -

- polygonal cross-section.

1 claim: ‘
“1. A slide assembly comprising an axially displaceable
member and guidance means for guiding displacement of
the member, wherein the guidance means comprises at least
one set of air bearings which are co-operable with the
peripheral surface of the member and mutually aligned in a

common transverse plane of the: member, and wherein the - -

bearings- of the or each set are substantially equidistantly - -
spaced -around the periphery of the member and are each
held by resilient mounting means.

2. A slide assembly as claimed in claim 1, wherein the ot
each set of air bearings comprises two pairs of bearings, the
bearings of each pair being disposed diametrically opposite
to-each other and the pairs being disposed at right angles to
each other.

3. A slide assembly as claimed in claim 1, wherein the
resilient mounting means comprises a spring element.

4. A slide assembly as claimed in claim 1, wherein the
resilient mounting means comprises an elastomeric element.

5. A.slide assembly as claimed in claim 1, wherein. the
resilient mounting means comprises a pneumatic element.

6. A slide assembly as claimed in claim 1, comprising
adjusting means to-adjust the bearings relative to the periph-
eral surface of the member.

7. A slide assembly as claimed in claim 6, wherein the
resilient mounting means are arranged to press the bearings
against the peripheral surface of the member and the adjust-
ing means are operable to vary the force exerted on the
bearings by the resilient mounting means.

8. A slide assembly as claimed in claim 1, comprising duct
means for supplying compressed air to the bearings from a
single-feed.

9. A slide assembly as claimed in claim 1, wherein the .
bearings are mounted by the resilient mounting means on a
frame enclosing the member. :

10. A slide assembly as claimed in claim 1, wherein the = °
member is cylindrical. .

11. A'slide assembly as claimed in claim 10, wherein the
member is additionally mounted to be rotatabie.

12: A slide assembly as claimed in claim 1, wherein the
spindle is provided at one end with a measuring probe.
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